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(54) OPTICAL SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To provide a wide-band optical semiconductor device that can be 
easily coupled to an optical fiber or rod lens. 

CONSTITUTION: An optical semiconductor device includes a semiconductor 
substrate 2 on which photoelectric regions 3, 4, and 5 are laminated in the 
direction of optical input or output. The substrate is provided with a 
photocoupling section having an alignment hole 0 into which an external 
optical conductor 14 fits tightly. This structure facilitates the alignment of 
the optical semiconductor device with an optical conductor, decreases the 
time for production and adjustments, and improves yield. In addition, wide- 
band applications can be easily realized if the external optical conductor is a 
rod lens or an end-processed lens. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical semiconductor device with which a laminating is carried out on a semi-conductor 
substrate, and an optical input or the direction of an optical output is characterized by establishing an 
external light pipe edge and the hole for adjustment optical coupling in which adhesion insertion is 
possible in the optical coupling section of the above-mentioned substrate in the semi-conductor 
laminated structure which has a vertical photo-electric-translation field to the direction of a laminating. 
[Claim 2] The optical semiconductor device which the shape of a taper with the above-mentioned hole 
for optical coupling equal to the taper angle of a point ball processing optical fiber and the depth are 
processed in an optical semiconductor device according to claim 1 so that the focus of the above- 
mentioned point ball processing optical fiber may come to the above-mentioned photo-electric- 
translation field, and is characterized by a photo-electric-translation field being a light sensing portion. 
[Claim 3] The optical semiconductor device which the above-mentioned hole for optical coupling has a 
bore equal to the above-mentioned diameter of a dot lens, and the depth is processed in an optical 
semiconductor device according to claim 1 so that the focus of the above-mentioned lot lens may come 
to the above-mentioned photo-electric-translation field, and is characterized by a photo-electric- 
translation field being a light sensing portion. 

[Claim 4] The optical semiconductor device characterized by the above-mentioned photo-electric- 
translation field being the light sensing portion of the PIN structure which impressed the reverse bias 
electrical potential difference to the PN junction in an optical semiconductor device according to claim 1, 
2, or 3. 

[Claim 5] The optical semiconductor device characterized by being the light sensing portion which the 
above-mentioned photo-electric-translation field becomes from the multiplication layer using the 
avalanche multiplication device in the PN-junction section, and an optical absorption layer in an optical 
semiconductor device according to claim 1, 2, or 3. 

[Claim 6] The optical semiconductor device characterized by the above-mentioned multiplication layer 
being a superstructure in an optical semiconductor device according to claim 5. 

[Claim,7] The optical semiconductor device with which claim 1 thru/or an optical semiconductor device 
given in six are characterized by carrying out flip chip mounting at other semiconductor devices which 
carried the electronic circuitry. 

[Claim 8] The optical semiconductor device characterized by an optical input or the direction of an 
optical output prepare the hole for adjustment optical coupling in which an external light pipe edge and 
adhesion insertion in the optical coupling section corresponding to the photo electric translation field of 
the above-mentioned semi-conductor substrate be possible on a semi-conductor substrate in the 
optical semiconductor device with which it have an electronic circuitry relevant to at least one and the 
above-mentioned photo electric translation field for a vertical photo electric translation field to the 
direction of a laminating . 

[Claim 9] The optical semiconductor device which the shape of a taper with the above-mentioned hole 
for optical coupling equal to the taper angle of a point ball processing optical fiber and the depth are 
processed into the depth for which the focus of the above-mentioned point ball processing optical fiber 



comes to the above-mentioned photo-electric-translation field in an optical semiconductor device 
according to claim 8, and is characterized by a photo-electric-translation field being a l.ght sensing 

[CtaimlO] The optical semiconductor device which the above-mentioned hole for optical coupling has a 
bore equal to the above-mentioned diameter of a dot lens, and the depth is processed in an optical 
semiconductor device according to claim 8 so that the focus of the above-mentioned lot lens may come 
to the above-mentioned photo-electric-translation field, and is characterized by a photo electric 
translation field being a light sensing portion. 

[Translation done.] 
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DETAILED DESCRIPTION " 

[Detailed Description of the Invention] 

[0001] ' . , 

[Industrial Application] This invention relates to the structure of an optical semiconductor device and 
the semiconductor device which combines the external light pipe of the optical semiconductor device 
which has the part which carries out conversion or an electrical signal to an electrical signal, and carries 
conversion or its both out for a lightwave signal to a lightwave signal if it says in more detail. 

[0002] , , . 

[Description of the Prior Art] A long distance and a mass fiber-optic transmission system spread quickly 
in recent years, and 1.6 Gb/s and a 1.7 Gb/s lightwave transmission system are put in practical use in 
current. Furthermore large capacity-ization of a system is ****( e d) and researches and developments 
of the lightwave transmission system in which 10 Gb/s optical transmission is possible are active. On 
the other hand, unlike the old optical transmission method, the so-called researches and developments 
of the coherent light transmission system which performs mass optical transmission using the property 
as a wave of light are also active in recent years. The broadband property of several GHz or more ,s 
required of the photo detector used for such a mass lightwave transmission system. Therefore, low 
capacity-ization of a component changes that it is indispensable and diameter[ of small l.ght 
receiving ]-izing of an electric eye and a photogenic organ and reduction of parasitic capacitance 
change with the important technical technical problem. For example, electronics Letters The photo 
detector of the rear-face light incidence with a monolithic integration micro lens aim.ng at the 
miniaturization of a photo detector and broadband-izing is indicated by the 1 10th page (Electron.cs 
Letters vol.24, No.2 (1988) pp 109-1 10) from the 24th volume, No. 2 (1988), and the 109th page. 
[0003] Drawing 2 shows the structure of the photo detector indicated by the above-mentioned ^ 
reference. The laminating of the n-InP buffer layer 3 (micrometers [ of thickness / 1.5 ]. n- 1015 /cm3), 
the n-InGaAs optical absorption layer 4 (micrometers [ of thickness / 1.9 ], n= 1015-/cm3). and the n- 
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InP cap layer 5 (micrometers [ of thickness / 1.0 ]. n= 1016-/cm3) is carried out to n(+)-InP substrate 
top 2 the pn junction formation-back is formed by Zn diffusion, and the mesa structure of about 15 
micrometerphi is formed by chemical etching. The Sin film 10 for passivation, the Au system p contact 
layer 8 and after forming the Au system n contact layer 7 similarly, a substrate 2 is th.nly ground to 
about 70 micrometers, and the micro lens 1 1 is formed by Ar ion beam etching. The focal distance of a 
micro lens 1 1 is 55 micrometers of roles of radius of curvature according to the optical absorpt.on layer 
4 Furthermore, the SiN antireflection film 12 is formed on the micro lens 11. Consequently, dark current 
30nA component capacity 20fF, 84% of quantum efficiency, the low dark current of 17.7GHz of 3dB cut 
off frequencies, low component capacity, and a high bandwidth property have been acquired by bias 

voltage 10V. About 3 times [ in case the alignment tolerance of a lightwave signal input fiber is a flat 

component without a lens ] as many 33 micrometers as this are realized by furthermore having 
integrated the micro lens. 

[0004] , . , 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional technique was enough 
taken into consideration about the improvement of the high-speed response characteristic by 
component capacity reduction, i.e., broadband-izing, in order that it may enlarge alignment tolerance of 
the optical fiber by diameter[ of small light-receiving ]-izing in accordance with component capac.ty 
reduction, is integrating a micro lens and has acquired 3 times as many tolerance as this compared w.th 
the case where there is no lens. However, compared with a photo detector with the alignment tolerance 
50 micrometers or more conventionally used by optical communication, it cannot say that it is enough, 
but the yield in a modularization process falls. Moreover, like balance DORESH1BA of coherent optical 
communication, or future multi-access light INTAKONEKUTO. when integration of many OPTO 
semiconductor devices is required, when processing of a component becomes complicated, that 
alignment with an optical fiber is also complicated, and since it becomes what requires time amount; w.th 
the above-mentioned conventional technique, there are problems, such as an increment in the 
production time in a component processing process and a modularization process and adjustment time 
amount and yield lowering. The object of this invention is solving such a problem and offering the optical 
large semiconductor device of alignment tolerance with an external light pipe, other objects of this 
invention — alignment tolerance with an external light pipe — large — the same — d.ameter[ of small 
light-receiving ]-izing of a photo detector — a broadband - it is in offering the optical semiconductor 
device [-izing / a semiconductor device ]. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned object, in this invention, the 
above-mentioned light pipe edge which can adhesion insert external light pipe edges, such as a fiber for 
optical coupling or a lot lens, and the hole for optical coupling to adjust were prepared on the substrate 
of an optical semiconductor device with the semi-conductor laminated structure which has a photo- 
electric-translation field. An external light pipe edge and a hole with the depth for which the focus of a 
point ball processing optical fiber or a rod lens comes to the above-mentioned photo-electr.c- 
translation field as a desirable target gestalt which prepares the hole for optical coupling to adjust are 
prepared here. 

[0006] u i 

[Function] Since the optical semiconductor device of this invention is adjusted so that it may have the 
hole which can adhesion insert the external light pipe edge for optical coupling in a semi-conductor 
substrate and the focus of an optical coupling system may come to a photo-electric-translation field, 
the optical coupling by which whose alignment was unnecessary and was stabilized is obtained. Since 
the hole for optical coupling is formed of etching of the mask pattern used in the usual sem.-conductor 
process, the alignment precision with the above-mentioned photo-electric-translation field is settled in 
about 2-3 micrometers. Since the beam waist of a point ball processing optical fiber is about 5 
micrometers if there are 10 micrometers of diameters of a photo-electric-translation field, they are 



enough. Therefore, simple and stable optical coupling are realized by the low capacity high-speed photo 

detector of 10 micrometers of diameters of light-receiving. 

[0007] 

[Example] Hereafter, the example of this invention is explained. 

Example 1 drawing 1 is condition **** equipped with the edge of the point ball processing fiber wh.ch is 
the sectional view showing the configuration of the 1 st one example of the optical semiconductor device 
by this invention, and is an external light pipe. The edge of a point ball processing fiber has the taper 
section to which a head core results the partial spherical surface in the diameter of a fiber from nothing 
and the partial spherical surface like a graphic display. First, manufacture of an optical semiconductor 
device is explained. A front face is the shape of an n(+)-InP substrate 2 (it is shown that W is high - 
concentration) of a field (100). the following - being the same - MOCVD - law - the n-InP buffer 
layer 3 (micrometers [ of thickness / 1.2 ], n= 1015-/cm3) - The laminating of the n-InGaAs optical 
absorption layer 4 (micrometers [ of thickness / 2.0 ], h= 1015-/cm3) and the n-InP cap layer 5 
(micrometers [ of thickness / 1.0 ], n= 1016-/cm3) was carried out one by one, Zn thermal diffusion 
layer 6 was formed, and about 10-micrometer mesa structure was formed by chemical etching after 
forming pn junction. In addition, above-mentioned each class can also be formed by vapor growth the 
liquid phase grown method, and also the MBE method, subsequently, a CVD method ~ the S.N film 10 
for passivation, and Au system contact layer 8 - similarly the Au system n contact layer 7 was formed 
with vacuum deposition. Respectively, in order to take ohmic contact, Ti/Au was used for the ingredient 
of Ti/Au and n contact layer 7 at the ingredient of p contact layer 8. In addition, the electrode material 
which can take ohmic junction of p like AuGeNi and AuZn and n both-sexes semi-conductor can also be 
used. What is necessary is just to choose the passivation film from the ingredient of S. and PSG from 
the dark current property of a component, and Si02 grade. 

[0008] Next formation of the hole 14 for optical coupling is described. After grinding the substrate 2 
bottom (on a drawing) which passed through the above-mentioned process to about 150 micrometers, 
the hole 14 to a depth of about 120 micrometers is formed so that the beam waist of the output light of 
an optical fiber may come to a photo-electric-translation field by chemical etching using the mask hole 
pattern of the diameter of 10 micrometerphi. The hole of a circle configuration was mostly formed using 
the bromine system which does not almost have an anisotropy in an etching reagent. In this case, it 
becomes 60 mesa **** according to the effectiveness of side etching, and the diameter at the 
maximum equator of a hole 2 has become about 140 micrometerphi. Since this adjusts the point 14 of 
the point ball processing fiber 1 3 ground on the taper square at 60 degrees with the configuration of the 
above-mentioned hole for association, there is no GURATSUKI and the optical fiber which is an outer 
conductor after inserting the above-mentioned fiber in a hole 14 can be fixed to stability at an optical 
semiconductor device. In addition, the ion milling method is also possible for etching. Then, an 
antireflection film 1 2 is formed in substrate 2 rear face, and degradation of the optical coupling by echo 
with a substrate 2 is prevented. 

[0009] A photo detector is changed into a reverse bias condition through electrodes 7 and 8. It 
converges according to an operation of the lens of an edge 14. incidence is carried out through an 
antireflection film 12 so that a beam waist may come to the optical absorption layer 4, and it is changed 
into absorption and an electrical signal in the InGaAs optical absorption layer 4, and the lightwave signal 
(wavelength is 1.3 or 1 .55-micrometer band) from the point ball processing fiber 13 is slack. The 
changed electrical signal is sent out outside from an electrode 8. The properties acquired by this 
example are component capacity 15fF, dark current 20nA, 85% of quantum efficiency, the high speed of 
1 9GHz of 3dB cut off frequencies, and low noise actuation. Optical coupling only inserted the point ball 
processing fiber in the predetermined joint hole, and was very easy, and 85% of quantum efficiency was 
acquired by stability. 

[0010] Example 2 drawing 3 is a sectional view showing the configuration of other examples of the 
optical semiconductor device by this invention. This example is especially effective when loss with a 
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33 combined with these components 30 and 31 in semiconductor integrated on-curt W,th the 

laser component in which a semiconductor device has an optical resonator l.ke dj^w_r_g_6 When the 
optical coupling hole 31 is formed near the luminescence side of a semiconductor laser component, the 
case where it is in the location where the optical output section of an opfcal semiconductor separated 
from the luminescence surface part of laser like g^wing^ etc . is included 

[Effect of the Invention] According to this invention, by establishing the hole for the opfcal system for 
combining a .ightwave signa. with the photo-e.ectric-trans.ation field prepared in the s« uc tor 
laminated structure of an optical semiconductor device in a semiconductor substrate s.de so that the 
configuration of the above-mentioned optical system may be suited, the stable opfcal coupling can be 
obtained for this reason, a photo-electric-translation field Can be made into necessary m.n.mum- 
magnitude for the tolerance of optical coupling, and the improvement in a component property, 
especially improvement in the speed can be promoted. Since an optica, coupling system comes to a 
substrate background, flip chip mounting is attained, and good high-speed respons.b.h y can be reahzed 
by the photogenic organ and the electric eye. Moreover, since adjustments, such as alignment of opfcal 
coupling, are lost, the yield improves. This is especially advantageous when there are two or more 
components. • 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] +■ 
[Drawing 1] It is the sectional view of one example of the OPTO semiconductor dev.ce by this invention. 
pprawing 2] It is the sectional view of one example of the conventional carrier semiconductor light 

corpuscle child. , ,. 

[Drawing 3] It is the sectional view of other examples of the OPTO semiconductor dev.ce by th.s 

[D V rawing 4] It is the sectional view of one example of the optical semiconductor device by this invention. 
[Drawing 5] It is the sectional view of other examples of the optical semiconductor dev.ce by th.s 

[Dr awing'e] It is the sectional view of one example of the light emitting device by this invention. 
fprawing 7] It is the sectional view of other examples of the light emitting device by this .nvenfon. 
[Description of Notations] 
0, 30, 31 — Adjustment optical coupling hole, 

2 19 — p(+)-InP substrate, 

3 — InP buffer layer, 

4 21 — InGaAs absorption layer, 

5 — InP cap layer. 
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6 — Zn diffusion layer, 

7 — n contact layer, 

8 — p contact layer 

9 — Bonding pad, 

10 — SiN layer, 

1 2 29 — SiN antireflection film, 

13 — Optical fiber 

14 — External light pipe edge, 
.15 — Circuit board, 

16 — Circuit pattern, 

17 — Solder bump, 
20 — p-lnAIAs layer, 

22 — InAIAsP layer, 

23 — InAIAs/InGaAs superlattice multiplication layer, 

24 — InAIAs layer, 

25 — InGaAs contact layer, 

26 — n electrode, 
26 — p electrode, 

28 -- The poly MI1DO layer. 

[Translation done.] 
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